Introduction
This summary reviews the southern hemisphere and equatorial climate patterns for summer 2008 -09 (i.e. December 2008 to February 2009 , with particular attention given to the Australasian and Pacific regions. The main sources of information for this report are analyses prepared by the Australian Bureau of Meteorology's National Climate Centre and the Centre for Australian Weather and Climate Research (CAWCR).
Pacific Basin climate indices
The Troup Southern Oscillation Index The Troup Southern Oscillation Index (SOI) (Troup 1965) used in this article is ten times the standardised monthly anomaly of the difference in mean sea-level pressure (MSLP) between Tahiti and Darwin. The Tahiti MSLP data are provided by Météo France interregional direction for French Polynesia. The positive SOI values were largely the result of continuing above average MSLP at Tahiti since mid-July 2008. Daily Tahiti MSLP values (not shown) dipped briefly below climatology in early January and late February. Daily Darwin MSLP values fluctuated each month, and were generally below climatology for most of the season. The monthly MSLP anomalies 1 at Darwin were −0.9, −0.4 and −1.3 hPa for December, January and February, respectively; at Tahiti, the monthly anomalies were +1.7, +1.5 and +1.8 hPa, respectively.
A composite monthly El Niño-Southern Oscillation (ENSO) index, calculated as the standardised amplitude of the first principal component 2 of monthly MSLP 3 at Darwin and Tahiti, and monthly NINO3, NINO3.4 and NINO4 sea-surface temperatures (SSTs) 4 (Kuleshov et al. 2008) , was consistent with the SOI during the summer, and remained negative from May 2007 to February 2009 (see Fig. 2 ), except for July 2008 (+0.03). Monthly values of the index during the summer were −0.83 (December), −0.84 (January) and −1.01 (February), respectively. These values were rather weaker than those of the previous austral summer during the established La Niña event of 2007-08 (Wheeler 2008) .
The December-January and January-February values of the Climate Diagnostics Center (CDC) bi-monthly Multivariate ENSO Index (MEI 5 ; Timlin 1993, 1998) Outgoing long-wave radiation The Climate Prediction Center, Washington, computes a standardised monthly anomaly 6 of outgoing long-wave radiation (OLR) for an equatorial region ranging from 5°S to 5°N and 160°E to 160°W (not shown). Tropical deep convection in this region is particularly sensitive to changes in the phase of the Southern Oscillation. During El Niño events, convection is generally enhanced near the date-line, resulting in a reduction in OLR. This reduction is due to the lower effective black-body temperature and is associated with increased high cloud and deep convection. The reverse applies in La Niña events, with less convection in the vicinity of the date-line (and consequently, positive anomalous OLR). Standardised monthly values for the season were +2.3 (December), +1.8 (January) and +1.7 (February). Consistent with the development of a weak La Niña, these OLR anomalies indicate reduced convection around the equatorial date-line region, peaking in December 2008. Figure 3 shows the seasonal OLR anomalies for the AsiaPacific region between 40°N and 40°S. Positive anomalies were found over the equatorial Pacific, extending from east of Papua New Guinea out to the date-line. In the Australian region, SSTs were generally warmer than average around the continent during the summer, with continuing anomalous warmth in the Coral Sea and around the maritime continent. Indian Ocean SSTs were generally warmer than average across the basin, though cooler in central eastern parts. The monthly Indian Ocean Dipole (IOD) index 8 of Saji et al. (1999) was in a neutral phase for the austral summer 2008-09. In any case, the IOD is best seen from May to November, and has little impact during the austral summer (Risbey et al. 2009 ). 7 As before, obtained from ftp://ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/sstoi.indices, but re-standardised with respect to . All anomaly values in °C and calculated with respect to the base period 1961-1990. 8 Obtained from http://www.jamstec.go.jp/frcgc/research/d1/iod/DATA/ dmi_HadISST.txt, and consisting of monthly values from 1958 to 2008, derived from the HadISST data-set, supplemented by weekly values for January and February, calculated by the Australian Bureau of Meteorology. Fig. 5 . The 20°C isotherm is generally situated close to the equatorial thermocline, the region of greatest temperature gradient with depth and the boundary between the warm near-surface and cold deepocean waters. Positive anomalies correspond to the 20°C isotherm being deeper than average (orange and red shades), and negative anomalies to it being shallower than average (blue shades). Changes in the thermocline depth may act as a precursor to subsequent changes at the surface. During summer 2008-09, the 20°C isotherm depth indicated an enhanced warm-cold pattern across the Pacific Ocean ( The enhanced warm-cold anomaly pattern across the Pacific was also supported by the vertical cross-section of equatorial subsurface temperature anomalies from November 2008 to February 2009 (Fig. 6) . Anomalous warming at depth in the western Pacific peaked at more than +3°C in February, although surface warming was only reflected in the far western Pacific to +0.5°C. Subsurface cooling peaked in the central Pacific in December, with a large area of cool anomalies continuing in the eastern Pacific through to February.
To reiterate, these atmospheric and oceanic changes indicated the return of a weak, brief La Niña, for which the magnitude was clearly less than the cool equatorial Pacific Ocean conditions of 2007-08. The SOI was firmly in a positive phase, as previously noted, but other indicators indicated a borderline La Niña.
Atmospheric patterns

Surface analyses
The summer 2008-09 MSLP field, computed from the Bureau of Meteorology's Global Assimilation and Prognosis (GASP) model, is shown in Fig. 7 , with the associated anomaly pattern in Fig. 8 . These anomalies are the difference from a 1979-2000 climatology obtained from the US National Centers for Environmental Prediction (NCEP) II Reanalysis data (Kanamitsu et al. 2002) . The MSLP analysis has been computed using data from the 0000 UTC daily analyses of the GASP model. The MSLP anomaly field is not shown over areas of elevated topography (grey shading in Fig. 8 ). In Fig. 7 , there was a major polar low (979 hPa) near 90°W, with a second centre (980 hPa) around 20°E. Around Australia, the subtropical ridge had a maximum at about 90°E in the central Indian Ocean (1020 hPa), with a weaker maximum in the eastern Tasman Sea (1015 hPa). The most significant feature of the MSLP anomaly pattern (Fig. 8) was an enhanced polar low circulation, with the largest anomaly (−7.5 hPa) south of South America at around 60°W. This minimum was observed south of South America during both austral spring 2008 (Qi 2009 ) and summer, although the magnitude receded across seasons from −14.4 hPa to −7.5 hPa. The subtropical ridge was anomalously strong during spring 2008 across the southern hemisphere, although it dissipated slightly during the summer. Maximum positive MSLP anomalies continued in the southern Atlantic Ocean in the mid-latitudes across the seasons, reducing in magnitude from spring to summer (from +7.5 hPa to +3.5 hPa). Over Australia, MSLP anomalies were fairly weak dur- 
Mid-tropospheric analyses
The 500 hPa geopotential height (an indicator of the steering of surface synoptic systems) across the southern hemisphere is shown in Fig. 9 , with the associated anomalies shown in Fig. 10 . In general, the field of geopotential height at 500 hPa level appeared quite zonal, although a weak three-wave pattern could be found. There was a slight divergence in the seasonal flow from Australia to New Zealand, which was also reflected at the surface with slightly higher MSLP in the eastern Tasman Sea (Fig. 7) . The seasonal anomaly pattern (Fig. 10) is consistent with the MSLP anomaly field shown in Fig. 8 , with the major minimum centre (−123 gpm) at about 60°W. The enhanced subtropical ridge at 500 hPa noted in spring 2008 (Qi 2009 ) had also weakened by summer, similar to the surface changes. Weak positive anomalies were noted over most of Australia at 500 hPa, although with weak negative anomalies in southern parts.
Blocking
The time-longitude section of the daily southern hemisphere blocking index 10 (BI) is shown in Fig. 11 , with the start of the season at the top of the figure. This index is a measure of the strength of the zonal 500 hPa flow in the mid-latitudes (40°S to 50°S) relative to that of the subtropical (25°S to 30°S) and high (55°S to At the 850 hPa level, enhanced low-level easterlies over the western and central parts of the equatorial Pacific were observed. Easterly anomalies were also present in spring 2008, indicative of La Niña conditions, but strengthened during the summer. Maximum easterly anomalies were located near the date-line, with a minimum located over eastern Papua New Guinea, indicative of an enhanced Walker cell. Westerly anomalies over Indonesia also fed into this cell, peaking in early February (not shown). Easterly anomalies at the date-line also showed a distinct peak in early February 2009, and then weakened (not shown). Over Australia, generally northerly anomalies were observed, which matched heatwave conditions in southern Australia (described later in this summary).
At the 200 hPa level (Fig. 14) , anomalies across the Pacific Ocean were the most significant feature for the season. central Pacific. Such a pattern is indicative of the strengthened Walker circulation and corresponding positive phase of the Southern Oscillation. There were also easterly anomaly maxima observed in both hemispheres at mid-latitudes, located either side of this equatorial maximum. This pattern across the Pacific was generally noted in spring, but enhanced in magnitude during summer. A maximum of westerly anomalies was also noted to the southwest of Australia.
Australian region
Rainfall Figure 15 shows the summer 2008-09 rainfall totals 11 for Australia, while Fig. 16 shows the summer rainfall deciles, where the deciles are calculated with respect to gridded rainfall data for all summers from 1900-01 to 2008-09.
Summer rainfall deciles (Fig. 16) showed an enhanced wet season, under the weak La Niña event 12 , for much of tropical Australia, one exception being a small region around the Cobourg Peninsula in the far north of the Northern Territory (NT). Across central and southern parts of the country, rainfall was somewhat patchy, with widespread areas of near-average (deciles 4 to 7) rainfall. In area-averaged terms, the summer was nationally the fifth wettest of the 109-year period (1900-01 to 2008-09) covered by the gridded analyses, with large areas of Queensland (Qld) (34%) and the NT (30%) receiving decile 10 rainfall for the season. Queensland also experienced its fifth wettest summer in areally averaged terms, being the wettest summer since 1990-91. Significant flooding was recorded in northern Queensland in January and February 2009. Four tropical cyclones (TCs) affected the Australian coastline during the summer: TC Billy (WA, 18 to 23 December); TC Charlotte (NT/Qld, 10 to 12 January), TC Dominic (WA, 26 to 28 January) and TC Ellie (Qld, 31 January to 2 February). 11 The Bureau of Meteorology has recently moved to a new analysis method for area-averaged rainfall (AAR). This has had the effect of substantially increasing both current and historical totals for Tasmania but has had a negligible impact on totals for other regions and for Australia as a whole.
Southern Australia received mostly above average falls in December, flipping back to dry conditions in January and February. The positive SAM values were at their highest for the season in December 2008 (+1.2), as was rainfall in southeast Australia (Hendon 2007) . January was particularly dry in southeastern Australia, south of a line from the top of the Bight east to Lakes Entrance, Victoria (Vic.). Exceptions were average falls through central WA in January and in northeastern NSW in February 2009. In area-averaged terms, State and national rainfalls are ranked against 109 years of records in Table 1 , which also shows the local extremes of daily and seasonal rainfall.
Drought
At the end of summer 2008-09, 5.5% of Australia was in serious rainfall deficiency (decile 1) for the 14 months ending February 2009. This area comprised parts of all states and the Northern Territory, but was mostly concentrated in the southeast: Victoria 13 (54.2%), Tasmania (34.3%), South Australia (13.1%) and New South Wales (3.6%); also the Northern Territory (4.3%). For this period, 1.8% of the country was in severe deficiency (below the 5th percentile).
For shorter or longer drought assessment periods, the total national area in serious rainfall deficiency was less than this local temporal maximum, with another local temporal maximum at a period length of 21 months for periods ending February 2009 in which 9.0% of the country was in serious rainfall deficiency (with 4.6% being in severe deficiency and 0.3% lowest on record). For this longer period, the main regions affected were Victoria (61.7%), Tasmania (62.4%), South Australia (30.7%) and New South Wales (8.5%). Tables 2 and 3 . These averages are available from 1950 to the present. All ranking of the summer temperatures against the historical record is done in terms of this high-quality subset, which therefore comprises the summers 1950-51 to 2008-09.
Seasonal maximum temperatures (Fig. 17) were generally 1 to 2°C above average for summer in southern parts of the country. In contrast, temperatures were more than 1°C below average across much of the tropical north, with anomalies in the −3 to −4°C range in western Queensland and central eastern parts of the Northern Territory. These negative summer anomalies arose principally from well below average temperatures during January, and were accompanied by aboveaverage rainfall in that month. In seasonal and area-averaged terms (Table 2) , summer was unremarkable, with maximum and minimum temperature anomalies showing small departures from normal. State minimum temperature anomalies 
